Horseradish peroxidase (HRP) is an extensively used redox enzyme containing protoheme. Because of the instability and high cost of the enzyme, searching for mimics of horseradish peroxidase (HRP) has long been attractive. So far, metal porphyrin compounds, 1-3 small biomolecules like hemin and hematin, 4,5 metal phthalocyanine 6 and Schiff base 7 have been proposed as HRP mimics. Among them, metal porphyrin compounds with an inherent structure similar to the active center of natural enzymes, therefore, attract more interest.
In this work, a [2Fe-2S]2TPPS compound was synthesized and found to have multiform enzymatic functions and enhanced catalytic activity. Based on the result, a new fluorometric method with [2Fe-2S]2TPPS as the mimetic enzyme was developed for the determination of hydrogen peroxide or dissolved oxygen using 4-hydroxyphenylacetic acid (p-HPA) as the substrate. 10 
Experimental
Tetraphenylporphine tetrasulfonic acid (TPPS) and 4-hydroxyphenylacetic acid (p-HPA) were obtained from Tokyo Kasei and Acros Organics, respectively, and used without further purification. H2O2 (30% w/w) was commercially available, and the stock solution was standardized by titration with a standard solution of KMnO4. All of the reagents used were of analytical grade. The water used was distilled deionized water.
The fluorescence spectra and relative fluorescence intensity were measured with a Hitachi F-4500 fluorescence spectrophotometer. Infrared spectra were obtained on a Nicolet Avatar FT-IR 360. UV-Vis absorption spectra were obtained on a Beckman DU 7400 spectrophotometer.
A [2Fe-2S] cluster, Roussin's red sodium salt (Na2[Fe2S2(NO)4]·8H2O), was synthesized and purified according to Ref. 11 . [2Fe-2S]2TPPS was synthesized by a reaction of the [2Fe-2S] cluster and TPPS as follows: A 50 ml flask was charged with 12.2 mg (0.025 mmol) of red sodium salt, 46.8 mg (0.050 mmol) of TPPS and 20 ml of distilled water. The solid was dissolved. The green solution was stirred and heated at reflux until the solution turned to dark red (about 4 h). The above-mentioned reactions were carried out under an atmosphere of pre-purified nitrogen. The solvent was removed under reduced pressure. The solid was dried under a vacuum to give 51.2 mg of [2Fe-2S]2TPPS as a red-brown solid. The solid was further purified by dissolution in methanol (20 ml). The obtained deep-red solution was filtered, and the solvent was removed under reduced pressure. The final solid was dried under a vacuum, and then dissolved in distilled water to prepare a stock solution with a concentration of 1.0 × 10 -4 mol/l. The stock solution was stored at 4˚C in a refrigerator, where it was found to be stable for several months. IR spectra of the product in KBr displayed that νNO bands described by Ref. 12 disappeared, which indicated that the Fe sites of Roussin's red sodium salt were coordinated by TPPS. The UV-Vis spectra ( Fig. 1 ) of the product also show that the synthesizing reaction of [2Fe-2S]2TPPS was complete and the product was pure. However, attempts to crystallize the [2Fe-2S]2TPPS for further demonstration of the composition and the structure of the compound by X-ray diffraction analysis were unsuccessful. To a 10 ml volumetric tube, 0.50 ml of a 0.010 mol/l p-HPA solution and 3.0 ml of a pH 11 NH3-NH4CI buffer solution were added. The mixture was quickly adjusted with water to a fixed volume (9.6 ml was chosen in our experiments), and then bubbled with nitrogen at a fixed pressure to get rid of dissolved oxygen. After 10 min, the bubbling with nitrogen was stopped and the tube was sealed; then, 0.20 ml of H2O2 working solution with various concentrations and 0.20 ml of 1.0 × 10 -4 mol/l [2Fe-2S]2TPPS solution were injected. The relative fluorescence intensity of the solution was measured at 395 nm with an excitation wavelength of 316 nm after the solution was allowed to stand at room temperature for 10 min.
As for the determination procedure of dissolved oxygen, the difference compared to the determination of hydrogen peroxide was that bubbling with oxygen at a fixed pressure for various times substituted for the addition of an H2O2 work solution.
Results and Discussion
The fluorescence emission spectrum (Fig. 2) of the product for the reaction of p-HPA with H2O2 or dissolved oxygen catalyzed by [2Fe-2S]2TPPS is different from that of bi-p,p′-4-hydroxyphenylacetic acid, the product of the reaction of p-HPA with H2O2 catalyzed by HRP. It is guessed that bi-p,p′-4-hydroxyphenylacetic acid is further dehydrogenated to produce (3′-carboxymethyl-6,6′-dioxo-bicyclohexylidene-2,4,2′,4′-tetraen-3-yl)acetic acid (Fig. 3) owing to the dehydrogenase function of [2Fe-2S] center of the mimetic enzyme. The reactions using Figure 4 shows that the fluorescence intensities at 395 and 426 nm increase as the time of bubbling with oxygen increases, which indicates that the system may be used to determine the concentration of dissolved oxygen. The actual determination of dissolved oxygen is expected to develop in the future because a standard sample of dissolved oxygen is unavailable in our lab at present. mol/l; O2, time of bubbling with oxygen at fixed pressure from 0 to 6 min.
